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Glass reinforced compositesAbstract Bisphthalamic acids were prepared by reaction of maleic anhydride and aromatic dia-
mines. Novel poly(ester-amide)s (PEAs) were prepared by reaction of DGEBF with bisphthalamic
acids. Acrylation of PEAs was carried out using acryloyl chloride; products are called acrylated
poly(ester-amide)s (APEAs). Epoxy resin based unsaturated poly(ester-amide) resins (UPEAs)
can be prepared by many methods but here these were prepared by reported method. These UPEAs
were then treated with acryloyl chloride to afford acrylated UPEAs resin (i.e. AUPEAs). Interpen-
etrating networks of equal proportional urethane modiﬁed poly(ester-amide) and acrylated poly(e-
ster-amide) and vinyl ester of biaphenol c (VE) resin were prepared. Urethane modiﬁed APEAs and
AUPEAs were characterized by elemental analysis, molecular weight was determined by vapor
pressure osmometer and by IR spectral study and by thermogravimetry. Based on DSC data
in situ glass reinforced composites of the resultant blends have been prepared and characterized
for mechanical, electrical and chemical properties. Unreinforced blends were characterized by
thermogravimetry (TGA).
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Interpenetrating polymer network (IPN) is deﬁned as a special
class of polymer alloys synthesized with two or more catenatedpolymer networks through in-lock or permanent entangle-
ment. Thus, IPNs usually have excellent characteristics as
those of the multi-polymeric networks, in which there are no
co-valent bonds between them. Polymer blends have received
considerable attention in both industrial and academic areas
because of the simplicity and effectiveness of mixing two differ-
ent polymers to obtain potential new materials. Interpenetrat-
ing polymer network (IPN) materials, a kind of polymer blend
held together by permanent entanglement between two or
more distinctly cross-linked polymers, have created increasing
interest due to their excellent properties brought about by the
interlocking of the polymer chains. The PEAs have special
structure due to the regular enhancement of ester and amide
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erties intermediate between the polyester and the polyamide.
The rigidity due to the double bond character of the amide
group coupled with extensive hydrogen bonding inﬂuences
the ordering of PEA. Hence many researchers have synthesized
co-poly(ester-amide)s from different raw materials in order to
obtain the properties and applications of the individual ones
into one segment. Some of the poly(ester-amide)s are synthe-
sized by different researchers. In order to improve some prop-
erties urethane modiﬁcation was done. The three polymer
candidates namely epoxy resin, unsaturated polyester and
polyamides are the most widely versatile industrial materials
and have broad spectrum of characteristics for wide applica-
tions ranging from aerospace to micro electronics. They are
also important as laminating resins, molding composites, ﬁ-
bers, ﬁlms, surface coating resins, and ﬁber cushion (Malik
et al., 2000). Particularly polyamides material is used in the
form of ﬁbers especially as thermoplastics used in engineering
applications. The glass ﬁber reinforced nylon plastics are now
of substantial importance due to rigidity and creep resistance.
Polyamides are also used in ﬁber application, automotive
industries, valve covers, and coatings (Pekarik, 1989).
Merging of all three segments (i.e. epoxy, ester and amide)
into saturated and unsaturated polymer chain has been re-
ported from Indian scientists (Patel and Panchal, 2005a,b; Pa-
tel and Patel, 2009a,b). Another possibility is that certain
properties of resins may also be improved via interaction withSchemeother unsaturated resins. In order to improve certain proper-
ties of such reported USPEAs their blending with commercial
vinyl ester epoxy resin is possible. While vinyl ester resin is a
versatile industrial resin today (Atta et al., 2006) the present
paper comprises studies of interacting blending of unsaturated
poly(ester-amide) resin with vinyl ester (VE) resin. The glass ﬁ-
ber reinforced composites of these blends have been fabricated
and characterized by chemical, mechanical and electrical prop-
erties. The whole work is scanned in Scheme 1.2. Materials and methods
2.1. Materials
Commercially available epoxy resin, diglycidyl ether of bisphe-
nol-F and vinyl ester epoxy resin were obtained from the local
market.
The speciﬁcations of diglycidyl ether of bisphenol-F
(DGEBF) are as follows:
1. Epoxy equivalent weight, 158.
2. Viscosity 40–100 poise at 25 C.
3. Density at 25 C, 1.18–1.19 g cm1.
The aromatic diamines used for the preparation of unsatu-
rated poly(ester-amide) resin are,1
Figure 1 IR spectra.
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2. Benzene 1,4-diamine.
3. Benzidine.
Plain weave ﬁbers, in the form of E-glass woven fabric
(poly(ester-amide) compatible) 0.25 mm thick (Unnati Chemi-
cals, India) of a real weight 270 g m2 were used for composite
fabrication. All other chemicals used were of pure grade.
2.2. Synthesis of unsaturated bisamic acids
The unsaturated bisamic acid was prepared by a simple addi-
tion reaction of maleic anhydride and diamines. These were
prepared by using method reported in the literature (Dave
and Patel, 2011).
The general procedure for the synthesis of unsaturated bisa-
mic acid is as follows:
To a well-stirred solution of maleic anhydride (2.0 mol)
in dry acetone, the solution of diamine (1.0 mol) in dry ace-
tone was gradually added at 0–5 C within 30 min. After
complete addition of the diamine, the reaction mixture was
further stirred for half an hour at room temperature. The
resulting unsaturated bisamic acid was then ﬁltered, washed
with dry acetone and air-dried. Unsaturated bisamic acid
was obtained in the form of free ﬂowing powder. The reac-
tion scheme for the synthesis of unsaturated bisamic acid is
shown in Scheme 1.
2.3. Synthesis of unsaturated poly(ester-amide) resin and
acrylated poly(ester-amide) resin
The unsaturated poly(ester-amide) resin (UPEAs) was pre-
pared by following the same method reported in our paper
(Dave and Patel, 2011). The general procedure is as
follows:
Diglycidylether of bisphenol-F (DGEBF) (1.0 mol) and
unsaturated bisamic acid (1.0 mol) were charged in a three
necked ﬂask equipped with a mechanical stirrer. The unsatu-
rated bisamic acid was then treated with diglycidylether of
bisphenol-F according to method reported for the reaction
of epoxy resin and carboxylic group (Darke et al., 1982). To
this 8.0% of the total weight of above, triethylamine (TEA)
was added as a base catalyst. The reaction mixture was slowly
heated up to 85 C with continuous stirring till the acid value
fell below 60 mg KOH/g. The resultant resin was then dis-
charged and called unsaturated poly(ester-amide) resin (UP-
EAs). Further reaction of all these unsaturated poly(ester-
amide) resin (UPEAs) was carried out with acryloyl chloride
(i.e. acrylation) and the resultant products called acrylated
poly(ester-amide)s (APEAs).
2.4. Synthesis of urethane modiﬁed poly(ester-amide) resin
The unsaturated poly(ester-amide) resin (UPEAs) was pre-
pared by reported method (Dave and Patel, 2011). As shown
in reaction scheme, take stoichiometric reaction mixture of
X, Y and diisocyanate in a three necked ﬂask with a mechan-
ical stirrer. The reaction ﬂask was immersed in an oil bath and
the reaction was completed in the presence of inert atmo-
sphere. Mechanical stirrer was continued till appropriate vis-
cosity was obtained.2.5. Synthesis of IPN of urethane modiﬁed poly(ester-amide)
and vinyl ester
Urethane modiﬁed poly(ester-amide), 2,20-azobis-isobutyronit-
rile (AIBN, 1.96% of UPEA by weight) and bisphenol-C based
vinyl ester were thoroughly mixed with a mechanical agitator
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weighed in a syringe (10.3% of epoxy, by weight) was quickly
injected into the mixture, where it was continued to be stirred
for about 30 s and then was degassed under vacuum three
times. Finally, it was cast into a glass mold and cured at
558 C/2 h, 708 C/5 h and 1208 C/2 h to prepare SINs.3. Analysis and thermal study
3.1. Elemental analysis
The C, H, and N content of unsaturated poly(ester-amide)s
(UPEAs) and acrylated poly(ester-amide)s (APEAs) was esti-
mated by means of a Thermoﬁnagan 1101 Flash Elemental
Analyzer (Italy). The IR spectra were recorded in Kerr pellets
on a Nicollet 760 D spectrometer. The number average weight
of unsaturated poly(ester-amide)s (UPEAs) and acrylated
poly(ester-amide)s (APEAs) was estimated by non-aqueous
conductometric titration following the method reported in
the literature. Pyridine was used as a solvent and tetra-n-butyl
ammonium hydroxide was used as a titrant.
3.1.1. IR spectral characteristics of UPEAs
The IR spectra of all the UPEAs show a strong band around
1730 cm1 which is the characteristic band for C‚O stretch-
ing of the A, B-unsaturated esters.
1. The spectra of all the resins show the characteristic C‚O
stretching band of amide group around 1690 cm1 and a
characteristic –NH band of amide group between 1550
and 1510 cm1.
2. The spectra of all the resins show the characteristic band of
the secondary hydroxyl group between 3600 and 3200 cm1
for O–H stretching.
3. The spectra of all the resins show a characteristic band for
the ether group around 1260 cm1.
4. The spectra of all the resins show a band around 1655 cm1
which may arise from cis C‚C stretching vibration.
Thus the IR spectral analysis of the resins conﬁrms the for-
mation of the unsaturated poly(ester-amide)s.
It is shown in Figure 1.
4. Composite fabrication
The composites were prepared by using E-type of glass ﬁber.
The glass ﬁber:APEAs–VE blend ratio is 60:40 (40%
APEAs–VE blends). Suspensions of APEAs–VE blends wereTable 1 Chemical, mechanical and electrical properties of IPNs.
Composites % Change on
exposure to
25% (W/V)
NaOH
Compressive
strength (MPa)
Thickness Weight
5a 0.69 1.43 462
5b 0.81 1.19 423
5c 0.87 1.54 472prepared in tetrahydrofuran (THF). In the above polymer sus-
pension, 1% of ethylene dimethylacrylate (as a cross linking
agent) with 0.05% benzoyl peroxide (as an initiator) were
added and mixed well. The mixture was applied with a brush
to a 200 mm · 200 mm glass cloth and the solvent was allowed
to evaporate. The 10 dried prepregs prepared in this way were
then stacked on top of one another and pressed between steel
plates coated with a ‘‘Teﬂon’’ ﬁlm release sheet and com-
pressed under 70 psi pressure. The prepreg stacks were cured
by heating it in an autoclave oven at around 140 C for about
6 h. The composites so obtained were cooled to 45–50 C be-
fore the pressure was released.
4.1. Composite characterizations
4.1.1. Chemical resistance test
The resistances against chemicals of the composites were mea-
sured according to ASTM D 543. The results are furnished in
Table 1.
4.1.2. Mechanical and electrical testing
(1) The ﬂexural strength was measured according to ASTM
D 790.
(2) The compressive strength was measured according to
ASTM D 695.
(3) The impact strength was measured according to ASTM
D 256.
(4) The Rockwell hardness was measured according to
ASTM D 785.
(5) The electrical strength was measured according to
ASTM D 149.
(6) The tensile elongation was tested according to ASTM
0638.
All mechanical and electrical tests were performed using
three specimens and their average results are summarized in
Table 1.
5. Results and discussion
A study was made on the mechanical properties of IPNs of
urethane modiﬁed poly(ester-amide) and vinyl ester of bisphe-
nol-c. The sample with an equal UPEAs/VE mass ratio having
0.45 mmol of functional groups/g of polymer shows excep-
tional enhancement of miscibility due to an intense interaction
between complementary functional groups which are in the
equimolar ratio at this UPEAs/VE mass ratio. Interaction be-
tween functional groups also stabilizes the UPEAs and VEImpact strength
(MPa)
Rockwell
hardness (R)
Electrical strength
(in air) (kV/mm)
425 31 19.45
465 156 12.76
476 123 34.35
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tion of components under these conditions.
Mechanical properties of SIPN ﬁlms in general were
deﬁned by the polymer component in excess and forming the
matrix, although interaction between functional groups alsoFigure 2 DSC curves.inﬂuenced their properties resulting in increased Young’s
modules and tensile strengths compared to those without
functional groups. Mechanical properties of SIPNs (Young’s
modulus and Koenig’s hardness) as a function of the UP-
EAs/VE mass ratio supported conclusions about the enhancedFigure 3 TGA curves.
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functional groups.
The unsaturated bisamic acids were prepared by the reac-
tion of maleic anhydride (2.0 mol) and aromatic diamines
(1.0 mol) by following method reported in the literature.
Unsaturated poly(ester-amide)s (PEAs) were prepared by
reaction of epoxy resin (DGEBF) with unsaturated bisamic
acids using triethylamine (TEA) as a base catalyst. The post
reactions of all these unsaturated poly(ester-amide)s (PEAs)
were carried out with acryloyl chloride. The resultant products
are called acrylated poly(ester-amide)s (APEAs).
The C, H, and N content of all the unsaturated poly(ester-
amide)s (PEAs) and acrylated poly(ester-amide)s (APEAs) was
estimated by means of a Thermoﬁnagan 1101 Flash Elemental
Analyzer (Italy). The values of C, H, and N of each of the
unsaturated poly(ester-amide)s (PEAs) and acrylated poly(e-
ster-amide)s (APEAs) were consistent with their predicted
structures. The number average molecular weights of both
unsaturated poly(ester-amide)s (PEAs) and acrylated poly(e-
ster-amide)s (APEAs) were estimated by non-aqueous conduc-
tometric titration method. The results indicate that the degree
of polymerization of both unsaturated poly(ester-amide)s
(PEAs) and acrylated poly(ester-amide)s (APEAs) is about 6.
The IR spectra were consistent with the ones expected from
the structures of the PEAs and APEAs.
The number of hydroxyl groups present per repeating unit
in unsaturated poly(ester-amide)s (PEAs) was also analyzed by
employing acetylating method (Vogel, 1998a,b). Also, acrylat-
ed poly(ester-amide)s (APEAs) were characterized for the
presence of double bonds per repeating unit employing
mercury-catalyzed bromate-bromide method (Vogel, 1998a,b).
Samples were also analyzed by thermo gravimetric analysis
(TGA). The result reveals that the cured sample starts their
degradation at about 150 C and their initial weight is about2–3%. This small weight loss may be due to either in sufﬁcient
curing of components used or due to the catalyst used. A
weight loss of about 10–11% is found at 300 C. However,
the rate of decomposition increases very rapidly between 300
and 450 C and the products are lost completely beyond
750 C. It is shown in Figures 2 and 3.Acknowledgements
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